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Description 

[0001] The present invention relates to a catalytic system and the process using this system for dehydrogenatrng 
ethylbenzene to styrene. 

s [0002] Styrene is an important intermediate for the production of plastic materials and rubber. 

[0003] It Is mainly used in the production of polystyrenes (GPPS crystals, shock-resistant HIPS and expandable 
EPS), acrylonttrile-styrene-butadiene (ABS) and styrene-acrylonitrile (SAN) copolymers of styrene-butadiene rubbers 
(SBR). 

[0004] At present styrene is mainly produced by means of two processes: 

10 

by the dehydrogenation of ethylbenzene (EB) (which covers about 90% of the world capacity (App. Cat. 1 33. 1 995, 
219)); 

as a coproduct in the epoxidation of propylene with ethylbenzene hydroperoxide with catalysts based on molibden 
complexes. 

IS 

[0005] Two altemative ways of producing the monomer have recently been studied and in some cases developed 
on an industrial scale: 

the oxidative dehydrogenation of ethylbenzene; . " - 

20 - the dehydrogenation of ethylbenzene followed by the oxidation of hydrogen. 

[0006] We shall now only consider the production of styrene by the dehydrogenation of ethylbenzene as this is the 
method followed by the process of the present invention. 

[0007] The dehydrogenation reaction of ethylbenzene to styrene has various particular characteristics which should 
2S be taken into consideration for the technological design. 

[0008] The first is that the reaction is controlled by the thermodynamic equilibrium and therefore the conversion per 
passage cannot be total. 

[0009] The degree of dehydrogenation increases with the rise in temperature and reduction of the total pressure, 

the reaction taking place, at a constant pressure, with an increase in volume. 
30 [0010] To obtain economically acceptable conversions, the thermodynamics makes it compulsory for the reaction to 

be carried out within the range of 540-630'*C. It is also necessary to operate in the presence of a suitable catalyst 

owing to the low rate at which the ethylbenzene dehydrogenates, also at these thermal levels. 

[0011] Owing to the rather high operating temperatures, parasite reactk>ns inevitably take place, these generally 

being characterized by a greater activation energy with respect to the dehydrogenation energy. The main product is 
3S therefore accompanied by by-products, mainly consisting of toluene, benzene, coke and light products. The function 

of the catalyst is to direct the reaction towards the desired product. 

[0012] The last important aspect consists in the fact that the reaction is strongly endothermic, with a reaction heat 
equal to 28 Kcal/mole of styrene, corresponding to 270 Kcal/kg of styrene produced. The high heat required and high 
thermal levels at which it must be exchanged are the aspects which mainly influence the technological design. The 
40 technologies at present soki (Fina/Badger and Lummus/UOP Classic SM processes) satisfy the demands imposed by 
the thermodynamics by adopting a technological system which comprises: 

the use of several adiabatic reactors in series, with intermediate heating steps, In whteh the temperature is between 
540 and 830*'C with contact times more or less of tenths of a second; 
4S . The use of radial flow reactors operating under vacuum in which the pressure is between 0.3 and 0.5 atm; 
the use of water vapor in co-feed with the charge to be dehydrogenated. 

[001 3] Water is the main component being fed to the reactor. The typical molar concentration is 90%. Often however 
a concentration of more than 90% is adopted to lengthen the chemical life of the catalyst 
so [0014] The vapor has several functions: 

it reduces the partial pressure of the products and therefore favourably shifts the thermodynamic equilibrium; 
by the reaction of water gas, it contributes to decoking the catalyst, as there is no burn-off of the catalyst with air; 
it supplies all the heat necessary for the dehydrogenation of EB. 

55 

[001 5] With present technologies, conversions of 60-65% are reached with selectivities to styrene of more than 90% 
by weight with an optimized catalyst mainly based on iron oxide promoted with alkalies. 

[0016] In spite of the performances, the present technologies have disadvantages which are mainly due to the fol- 
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lowing aspects: 

use of huge quantities of superheated vapor (HgO/EB = 9.0-9.8 (molar) with a temperature of over TOO^C: this 

necessitates the use of super-heating ovens and therefore high investment costs; 
s - aging of the catalyst: this makes it necessary to replace it after about 18-36 months of operation; to do this it is 

necessary to stop the unit and interrupt production for the period required for its substitution; it is possible to prolong 

the life by increasing the ratio H2O/EB, but this further compromises the energy balance; 

recuperation of energy not as yet optimized: the present technologies, in fact, only recuperate the sensitive heat 

of the vapor and not also the latent heat; 
10 - carrying out the reaction under vacuum (average absolute pressure of 0.4 atm) and therefore in an extremely dilute 

phase in EB: the partial pressure of the EB is on an average equal to 0.04 atm. 

[0017] We have surprisingly found that by using a particular catalytic system mainly consisting of Cr203 supported 
on an alumina modified with silica, to which tin oxide has been added, the dehydrogenation technology of ethylbenzene 
IS is significantly improved. 

[0018] The catalytic system of the present invention, for dehydrogenating ethylbenzene to styrene. coritains chro- 
mium oxide, tin oxide, at least one oxide of an alkaline metal (MgO) and an alumina carrier, in delta or theta phase or 
in a mixture of delta + theta or theta + alpha or delta + theta + alpha phases, modified with silica, and is characterized 
in that: 

20 

the chromium expressed as CrgOa, is in a quantity of between 6 and 30% by weight, preferably between 13 and 

25%; 

the tin. expressed as SnO. is in a quantity of between 0. 1 and 3.5% by weight, preferably between 0.2 and 2.8%; 
the alkaline metal, expressed as M2O, is in a quantity of between 0.4 and 3% by weight, preferably between 0.5 
2S and 2.5%; 

the silica is in a quantity of between 0.08 and 3% by weight, 
the complement to 100 being alumina. 

[0019] The alkaline metal, preferably potassium, is used for moderating the acidity of the supporting alumina. 
30 [0020] With respect to the surface area of the carrier, this is preferably less than 1 50 m^/g, determined with the BET 
method. 

[0021] The process for preparing the catalytic system described above, essentially consists in dispersing a compound 
of chromium, an alkaline metal and tin on a carrier consisting of alumina (in delta or theta phase or in a mixture of delta 
+ theta or theta + alpha or delta + theta alpha phases) and silk:a. 

3S [0022] Some of the procedures for dispersing the chromium oxide, potassium oxide and tin oxkie (stannous andAx 
stannic) onto the earner are listed below, it being understood that the invention is not limited to these. 
[0023] This dispersion treatment can consist in the impregnation of the carrier with a solution containing the precur- 
sors of chromium, potassium and tin oxides, followed by drying and calcination, or by an ionic absorption, followed by 
the separation of the liquid and drying and calcination of the solid. Among those listed above the preferred procedure 

40 is impregnation , according to the "incipient wetness' method of the carrier with the solution containing all the precursors 
of the active prinicptes. 

[0024] With respect to the tin, other procedures are listed with whk^h it can be added to the catalytk: system: 

addition of the tin to the carrier before the dispersion of the precursors of chromium and potassium oxide; 
4S - treatment of the solid containing chromium and potassium oxide by Ionic exchange, impregnation, etc.. with a 
solution containing a compound of tin; 

deposition of the tin via "vapor deposition" onto the carrier, before adding the precursors of chromium oxide and 
potassium oxide, using a volatile compound of the species to be deposited; 

deposition of the tin via "vapor deposition" onto the solid containing alumina, chromium oxide and potassium oxide, 
so using a volatile compound of the species to be deposited. 

[0026] Among th e above procedu res, coimpregnation of the carrier with the solution containing the precursors of the 
active principles (chromium oxide, potassium oxide and tin oxide) and depositbn via "vapor deposition" of the tin, are 
preferred. 

ss [0026] Precursors of stannous and/or stannic oxide which can be used are both inorgank: and organic salts of tin, 

or organometallic derivatives, 

[0027] The inorganic or organk: salts, not very soluble in water, can be used after controlling the pH of the solution 
which influences their solubility. 
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[0028] The organometallic derivatives are used by adopting organic solvents In which they are dissolved to be added 
to the catalytic system according to the procedure described above. 

[0029] The catalytic system claimed can be applied to any dehyrogenation technology of ethylbenzene using a fixed, 
fluid or mobile bed. 

5 [0030] The process for dehydrogenating ethylbenzine to styrene. which is a further object of the present invention, 
consists in: 

a) reacting in a reactor, operating at a temperature of between 450 and 700°C, at a pressure of between 0.1 and 
3 atm and with a GHSV space velocity of between 100 and 10000 h*^ (normal litres of hydro carbon/h x litre of 

10 catalyst), the ethylbenzene with the catalytic system described above, preferably diluted with an inert product at 

a weight concentration of the catalytic system of between 5 and 50%. 

b) regenerating the catalytic system in a regenerator by burning the coke deposited during the reaction phase 
operating at a temperature of over 400**C. 

IS [0031] A catalytically Inert material can be used as inert product, such as for example, alpha-atumina, possibly mod- 
ified with alkaline metal oxides, and/or silica, etc. 

[0032] The process is preferably carried out in a fluid bed system essentially consisting of a reactor in which the 
dehydrogenation reaction takes place and a regenerator in which the catalyst is regenerated by burning the coke 
deposited during the reaction phase. 
20 [0033] In the reactor-regenerator system, the catalyst in the fluid state continuously circulates between the reactor 
and regenerator, allowing the process to operate In continuous and the heat necessary for the reactk)n is removed 
from the regenerated catalyst, which reaches the reactor at a temperature which is higher than the average reaction 
temperature. 

[0034] The catalyst is maintained in the fluid state in the reactor by the reagent gas (ethylbenzene) wh»h enters the 

2S catalytic bed from below, by means of a specific distribution system. 

[0035] It is advisable to also feed an inert gas together with the ethylbenzene (nitrogen, methane, hydrogen, water, 
etc.) in a volumetric ratio inert gas/ethylbenzene preferably between 1 and 6. more preferably between 2 and 4. 
[0036] The reacted gas leaves the reactor from above, after passing through a system of cycbnes or another suitable 
separation system of the powders; it can subsequently be sent to a heat exchanger for the preheating of the feeding 

30 and then to the separation section where the styrene produced is recovered, whereas the non-reacted charge is re- 
cycled to the dehydrogenation and the uncondensable products are separated and can be used in the regenerator as 
fuel gas. 

[0037] The catalyst, in the fluid state, moves in the reactor in countercurrent with respect to the gas phase: it enters 
the catalytic bed from above, by means of a distributor which divides it equally onto the surface of the bed, and leaves 
3S the reactor from below, passing by gravity into a desorption zone, again part of the reactor, with a diameter less than 
or equal to the reaction zone, where the displacement of the interparticle gas and desorption of the intraparticle gas 
take place, by introducing nitrogen or methane from bek>w, so that the displaced or desorbed gas re-enters the reactor 
avoiding losses of reagents or products. 

[0038] The catalyst, still in the fluid state, is then pneumatically sent to the regenerator. . 
40 [0039] In the fluid bed reactor it is preferable to operate: 

at a temperature maintained, by acting on the flow-rate of the regenerated catalyst, at between 450 and 650**C 
depending on the reaction desired; 
at a pressure which is atmospheric or slightly higher; 
45 - at a space velocity of between 100 and 1000 h""" (Nlitres of ethylbenzene and inert gas per hour and per litre of 
catalyst), more preferably between 150 and 200; 

with a residence time of the catalyst varying in the fluid bed zone from 5 to 30 minutes, more preferably from 10 
to 15 minutes, in the desorption zone from 0.2 to 10 minutes. 

so [0040] The pneumatic transport system from the reactor to the regenerator consists of a transport line with at least 
one zone in which the catalyst moves downwards, preferably maintained under intermediate conditions between the 
minimum fluidization and the minimum fonnation of bubbles, by the introduction of suitable quantities of gas at appro- 
priate heights and a zone in which the catalyst moves upwards until it reaches the upper part of the catalytic bed of 
the regenerator, by the introduction of gas at the base which considerably reduces the density of the emulsran. 

ss [0041] The regenerator preferably has dimensions which are similar to those of the reactor; these dimensions are 
due to the necessity of maintaining the catalyst in the regenerator for a time which is sufficient for its regeneration. 
[0042] A suitable distributor disperses the catalyst coming from the reactor onto the surface of the catalytic bed. The 
regeneration takes place inskJe the bed by the combustk>n of the coke deposited on the catalyst and the heating of 
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the catalyst by the combustion of methane or fuel gas or by-products of the main reaction with air or oxygen or another 
combustion-supporting gas. at a higher temperature than the average temperature of the reactor. 
[0043] Before being sent to the reactor the regenerated catalyst is subjected to reducing treatment, at temperatures 
of between 650 and 680° C and for a time of between 0.2 and 10 minutes, to reduce the hexavalent chromium, and is 

s then desorbed of the combustion and reductbn products. 

[0044] The movement of the gas and solid takes place in countercurrent also in the regenerator: air is sent onto the 
bottom of the catalytic bed, whereas the fuel gas is introduced at suitable heights along the bed. 
[0045] The gas leaving the regenerator, consisting of nitrogen and combustion products, can pass through cyclones, 
or another system, situated in the upper part of the apparatus, to separate the powders drawn in, and subsequently, 

10 after leaving the regenerator, it can be sent to a heat exchanger for the preheating of the combustion air 

[0046] Before being discharged into the atmosphere, these gases can pass through a filter system or other devices 
for reducing the powder content to a few tens of mg per Nm^ of gas. 

[0047] As the combustion catalytically takes place at a temperature of less than 700°C, the content of carbon mon- 
oxide and nitrogen oxides in the discharge gases is such that further purification treatment is not necessary. 
IS [0048] It is preferable to operate in the regenerator at a pressure which is atmospheric or slightly higher, at a space 
velocity of between 1 00 and 1 000 h"^ and with a residence time of the solid varying from 5 to 60 minutes, more preferably 
from 20 to 40 minutes. 

[0049] The regenerated catalyst is transported to the reactor in the same way that the exhausted catalyst is trans- 
ported to the regenerator. 

20 [0050] The reactor-regenerator system thus conceived enables the operating parameters and performances to be 
kept constant for the entire technk^al life of the plant. 

[0051] Aiiquots of catalyst are periodbally discharged from the system and substituted with equal aliquots of fresh 
catalyst, without ever having to interrupt the running of the plant. 

[0052] The advantages of the use of a fluid bed reactor-regenerator system can be synthesized as follows: 

2S 

the heat Is directly transferred to the reaction by the regenerated catalyst: there are no superheating ovens for the 
thermal exchange and the strong remixing of the fluid bed prevents the formation of high temperature points which 
would lower the selectivity; 

the fluid bed process makes it possible to recycle hydrogen; 
30 - all the other operations are carried out in continuous and it is not necessary to modify the operating parameters 
during the whole life of the plant; 

the plant can operate with wide flexibility in terms of present productive capacity with respect to the project capacity; 
the reaction and regeneration take place in physically separated zones and there cannot be any mixing of hydro- 
carbon streams with streams containing oxygen; 
3S - the process is carried out at atmospheric or a slightly higher pressure: there is therefore no possibility of external 
infiltrations of air into the reaction zone; 

no particular treatment is necessary for reducing the emissions of gaseous pollutants; 

the nrx>lar concentration Inert products/ethylbenzene in the feed is much lower than in commercial technologies. 

40 [0053] Figure 1 shows a possible application of the reactor-regenerator scheme described above. 

[0054] The feeding (ethy lbenzene( 1 )) vaporized in (M) and mixed with the inert gas (1 1 ) enters the reactor (A) through 
a suitable distributor (not shown in the figure), whereas the gases after the reaction leave the reactor from line (4) after 
passing through the cyclones F, through the heat exchanger [S^), where the ethylbenzene-inert product is preheated, 
and through the separator (H). 

45 [0055] The liquid phase (13) is sent to distillation, whereas the uncondensable products are partly (12) sent to the 
regenerator (as fuel) and partly (14) for separation. 

[0056] The regenerated catalyst (5) arrives, by the entry of gas (3), at the top of the catalytic bed and leaves the 
reactor (A) passing into the desorber (B), where it enters into contact with the desorbing gas (2). The catalyst subse- 
quently enters the transport line (6), in which it is sent to the regenerator (D), and precisely to the upper part of the 
so catalytic bed. 

[0057] In this case a single line of gas inlet along the transport line, is shown (6). The transport line in this application 
is characterized in that it has a U-shaped connection between the downward and upward part. The catalyst descends 
along the regenerator (D), enters the reducer (E), then the desorber (G) and finally the transport line (5) and is sent to 
the reactor The regeneration air enters (8), the fuel gas (12), the reduction gas (9) and the desorbing gas (10), again 
ss through suitable distributors (not shown in the figure). 

[0058] The gases, after passing through the cyclones R leave via (7), and are used for preheating the air (8). by 
means of the exchanger (S2), for regeneration and are finally sent to the separator (L) in whtoh the water is separated 
from the combustion products (15). 
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[0059] Several examples are provided together with comparative examples 1 , 4 and 5. which should not be consid- 
ered as limiting the present invention. 

Example 1 (Comparative) 

5 

[0060] A microspheroidal pseudobohemite is prepared to which silica has been added (1.2% w), with a particle 

diameter of between 5 -s- 300 microns, by spray-drying a hydrated alumina sol and Ludox silica. 

[0061] A sample of the pseudobohemite is subjected to thermal treatment consisting in a first calcination at 450"C 

for an hour, followed by another at 1030*C for 4 hours in a stream of dry air. 
10 [0062] The product obtained has a specific surface of 100 m^/g, a porosity of 0.34 cc/g and essentially consists of 

delta and theta transition aluminas, accompanied by a small quantity of alpha alumina (See the XRD spectrum in fig. 2). 

[0063] 200 g of this alumina were impregnated, using the incipient wetness procedure, with 68 cc of an aqueous 

solution containing 67.5 gr of CrOs (99.8% w) and 6.4 g of KOH (90 % w) in deionized water, maintained at a temperature 

of 85^*0. The impregnated product was left to rest for an hour at room temperature and subsequently dried at 90*0 for 
IS 15 hours. The dried product was finally activated, in a stream of dry air, at 750^0 for 4 hours. 

[0064] The weight composition of the formulate proved to be as follows: 

20% Cr203, 1 .89% KgO. 1 .25% SiOg, AlgOg the complement to 100. 

[0065] This formulate was tested in the dehydrogenation reaction of ethylbenzene to styrene, by mixing it with mi- 
crospheroidal alpha-alumina (average diameter of the particles 50 \i) in the weight proportions 1 :3 (catalyst/alpha- 
20 alumina) within a temperature range of 550 to 600**C. The alpha-alumina was modified with potassium oxide 1% by 
weight as K2O by impregnation, using the 'wetness impregnation* procedure, with an aqueous solution of potassium 
carbonate followed by drying and calcination at 750^0 for 4 hours. 

[0066] The catalytic perfomnances and the conditions under which they were obtained, are shown in table 1 . 
2S Example 2 

[0067] 200 g of microspheroidal alumina, prepared as described in example 1, are impregnated according to the 
method described above with 68 cc of an aqueous solution containing: 68.8 g of CxO^ (99.8% w), 6.52 g of KOH (90% 
w) and 5.61 g of SnC204 (99.9% w) in deionized water, at the same temperature as example 1 . 
30 [0068] The impregnated product is treated as described in example 1 to give a catalyst having the following weight 
composition: 

20% CrgOa. 1 .89% KgO, 1 .4% SnO. 1 .22% SIO2. AI2O3 the complement to 100. 

[0069] The catalytic performances in the dehydrogenation reaction of ethylbenzene, obtained with the catalyst diluted 
in the same proportions as example 1 , are shown in table 1 . 

35 

Example 3 

[0070] A sample of the same catalyst prepared according to the procedure described in example 2 was diluted with 
the same alpha-alumina used in example 1 In the weight proportions 1:7 (cat/alpha-alumlna) and tested in the dehy- 
^ drogenation reaction of ethylbenzene. 

[0071] The catalytic performances are indicated In table 1 . 

Example 4 (Comparative) 

^ [0072] A 1000 g sample of the pseudobohemite prepared according to the procedure described in example 1 . was 
subjected to thermal treatment consisting In a first calcination at 450**C for an hour, followed by another at 1000*C for 
4 hours, in a stream of dry air. The calcined product has a surface area of 1 30 m^/g, a porosity of 0.49 cc/g and consists 
of delta and theta transition aluminas (See the XRD spectrum in fig. 3). 

[0073] 150 g of this alumina were impregnated, using the incipient wetness procedure, with 74 cc of an aqueous 
so solution containing 66.8 g of CrQa (99.8% w) and 5.36 g of potassium cart>onate (45 % w/w of KOH) and maintained 
at the same temperature as example 1 . The impregnated product was left to rest for an hour at room temperature and 
subsequently dried at 90'*C for 15 hours. The dried product was finally activated, in a stream of dry air, at 750**C for 4 
hours. The weight composition of the formulate proved to be as follows: 25% CrgOg, 1 % K2O, 1.18% Si02. AI2O3 the 
complement to 100. This formulate was diluted with alpha-alumina in the weight proportions 1:7 (cat/alpha-alumina) 
ss and tested in the dehydrogenation reaction of ethylbenzene. obtaining the performances indicated in table 1 . 
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Example 5 (comparative) 

[0074] An aliquot of the same catalyst prepared according to the procedure described in example 4 was mixed with 
the same alpha-alumina used in example 1 in the same weight proportions 1:3 (cat/alpha-aiumina) and the mixture 
s was tested in the dehydrogenation reaction of ethylbenzene obtaining the catalytic performances indicated in table 1 . 

Example 6 

[0075] 150 g of the same alumina used in example 4 were impregnated with 74 cc of an aqueous solution, at the 
10 same temperature as example 1 , in which the following products were dissolved: 68.4 g of Cr03 (99.8%), 5.49 g of 
potassium carbonate (45% solution w/w of KOH) and 5.35 g of SnC204 (99.9% w/w). The drying and activation were 
carried out with the procedure described in example 1 . The weight composition of the formulate proved to be as follows: 
25% Cr203, 1% K2O, 1.68% SnO, AI2O3 the complement to 100. The catalytic performances in the dehydrogenation 
of ethylbenzene. obtained with the formulate diluted with alpha-alumina in the weight proportions 1 :7 (cat./alpha-alu- 
is mine) are indicated in table 1 . 

Example 7 

[0076] A sample of catalyst prepared according to the procedure of example 6 and diluted with the same alpha- 
20 alumina and in the same proportions as example 1 , was tested by feeding ethylbenzene diluted with a gaseous stream 
consisting of 8% by volume of H2, 72% by volume of N. the complement ethylbenzene, to verify the effect of the 
hydrogen in the charge. 

[0077] The performances are indicated in table 1 . 
Example 8 

[0078] The same catalyst used in example 7 was mixed with the aipha-alumina of example 1 in the same proportions 
and was tested by feeding ethylbenzene diluted with a stream consisting of 37% by volume of hydrogen, 43% by 
volume of N2 and the complement ethylbenzene, to verify the catalytic performances of the formulate with a higher 
30 percentage of hydrogen in the charge. 

[0079] The performances are indicated in table 1 . 

Catalytic tests. 

35 [0080] The products prepared in examples 1-8 are tested in a fluid bed using a quartz reactor, capable of operating 
with a quantity of catalyst of between 50-100 cc, equipped with a distributor with a calibrated porosity also made of 
quartz, and a zone for the preheating of the ethylbenzene mixed with the inert product used. 

[0081] An expander, also made of quartz, is placed on the head of the reactor, which has the function of decelerating 
the effluent allowing the fine particles to fall back into the catalytic bed. The expander is maintained at a temperature 

40 of 200*^0, by placing it in an electrically heated oven, to avoid the condensation of the styrene, non-reacted ethylbenzene 
and non-condensable by-products which accompany the main reaction. The catalytic cycle, which is such as to simulate 
the behaviour on an industrial reactor, consists of a reaction phase, in which the ethylbenzene is fed with the inert 
product for a duration of 1 0 minutes, a stripping phase of 1 5 minutes, in which nitrogen is passed to liberate the catalyst 
from the products adsorbed, a regeneration phase, in which the regeneration gas consisting of air is fed for a duration 

45 of 45 minutes, a washing phase with nitrogen, with a duration of 10 minutes, a reduction phase in which the reducing 
gas consisting of methane is fed for the duration of 4 minutes to reduce the hexavalent chromium formed in the regen- 
eration phase, a washing phase with nitrogen for a duration of 20 minutes followed by the reaction phase for a duration 
of 10 minutes. 

[0082] The requisites of the industrial fluid bed dehydrogenation process are such that the regeneration must be 
so carried out at temperatures which are higher than the reaction temperature: in the catalytic tests the regeneration and 
reduction were carried out at 660**C, whereas the reaction was carried out within the temperature range of 550-600*'C. 
[0083] The overall space velocity intended as normal-litres of ethylbenzene plus normal-litres of inert product (gas 
phase) was nnaintained at 600±5 Nl/h/It of catalytic bed. 

[0084] In the first catalytic test each catalyst was reduced, according to the procedure already described, before 
ss carrying out the dehydrogenation reaction. 

[0085] The ethylbenzene and nitrogen and/or hydrogen or any gaseous inert product were yolumetrically dosed to 
the reactor. A micropump with a syringe was used for the ethylbenzene in liquid phase. For the other gaseous com- 
ponents in co-feed, previously calibrated rotametres were used. 
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[0086] The ethylbenzene before being introduced into the catalytic bed was sent with the inert product used in the 
co-feed to an evaporator, operating at a temperature of 200**C, placed under the oven in which the reactor was housed 
and hermetically connected to the latter The evaporated and inert products were preheated In the specific preheating 
zone before being introduced into the catalytic bed. 

[0087] The effluent of the reactor during the reaction and stripping phases was cooled in a trap immersed in liquid 
nitrogen in which the non-reacted ethylbenzene, styrene and condensable by-products were condensed. The effluent 
of the trap was sent into an evacuated bag in which hydrogen, the inert product and light C1-C3 hydrocarbons deriving 
from the cracking reactions, were recovered. 

[0088] The liquid fraction was weighed and analyzed by gas-chromatography by means of a gaschromatograph hp 
5890 equipped with a capillary column CP WAX 10. The dosing of the components was carried out with the Intemal 
standard procedure. 

[0089] The gas recovered in the bag was analyzed by gas-chromatography using a gaschromatograph hp 5890 and 
using the external standard procedure for the dosage of the components. The contents of the bag were measured with 
a counter for the material balance. The coke deposited on the catalyst was burned with air and the effluent of the 
reactor collected In an evacuated bag of the same type as that used during the reaction phase. 
[0090] The gas was analyzed via gas-chromatography to dose the concentration of the CO2 and the volume meas- 
ured to establish the quantity of coke generated in the reaction phase. 

[0091] Once all the data had been obtained, they were registered in a personal computer to calculate the material 
balance, conversion and selectivity of the various products. 
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Claims 

1. A catalytic system, for dehydrogenating ethyibenzene to styrene, containing chromium oxide, tin oxide, at least 
one oxide of an alkaline metal (M) and an alumina carrier, in delta or theta phase or in a mixture of delta + theta 
or theta + alpha or delta + theta + alpha phases, modified with silica, and characterized in that: 

the chromium, expressed as Cr203. is in a quantity of between 6 and 30% by weight; 
the tin, expressed as SnO, is in a quantity of between 0.1 and 3.5% by weight; 
the alkaline metal, expressed as M2O, is in a quantity of between 0.4 and 3% by weight; 
- the silica is in a quantity of between 0.08 and 3% by weight, the complement to 1 00 being alumina. 

2. The catalytic system according to claim 1 wherein: 

the chromium expressed as CrgOa. is in a quantity of between 13 and 25%; 

the tin. expressed as SnO. is in a quantity of between 0.2 and 2.8%; 

the alkaline metal, expressed as MgO, is in a quantity of between 0.5 and 2.5%. 

3. The catalytic system according to claim 1 or 2 wherein the alkaline metal is potassium. 

4. The catalytic system according to claim 1 or 2 wherein the carrier has a surface area of less than 150 rr^g. 

5. A process for dehydrogenating ethyibenzene to styrene consisting in: 

a) reacting in a reactor, operating at a temperature of between 450 and 700^0, at a pressure of between 0. 1 
and 3 atm and with a GHSV space velocity of between 100 and 10000 h'^ (normal-litres of hydrocarbon/h x 
litre of catalyst), the ethyibenzene with the catalytic system according to any of the claims from 1 to 4; 

b) regenerating the catalytic system In a regenerator by burning the coke deposited during the reaction phase 
operating at a temperature of over 400'*C. 

6. The process according to claim 5 wherein the catalytic system is diluted with an inert product at a weight concen- 
tration of the catalytic system of between 5 and 50%. 

7. The process according to claim 6 wherein the inert product is alpha-alumina, optk>nally modified with alkaline metal 
oxides and/or silica. 

8. The process according to claim 5 wherein an Inert gas is fed together with the ethyibenzene. 

9. The process according to claim 8 wherein the volumetric ratio inert gas/ethylbenzene is between 1 and 6. 

10. The process according to claim 9 wherein the voiumetrk; ratio inert gas/ethylbenzene is between 2 and 4. 

11. The process according to claim 5 wherein the reactor and the regenerator are of the fluid bed type. 

12. The process according to claim 11 wherein the dehydrogenation is carried out at a temperature of between 450 
and 650*C, at a pressure which is atmospheric or slightly higher, at a GHSV space velocity of between 100 and 
1000 h'l and with a residence time of the catalyst in the 1\u\6 bed zone varying from 5 to 30 minutes. 

13. The process according to claim 1 2 wherein the space velocity is between 150 and 200 h-^ and the resklence time 
of the catalyst varies f rorn 1 0 to 1 5 minutes. 

14. The process according to claim 1 1 wherein the regeneratkxi is carried out with air or oxygen or another combustion- 
supporting gas at a temperature which is higher than the average temperature of the reactor, at a pressure which 
is atmospheric or slightly higher, at a space velocity of between 100 and 1000 h-^ and with a residence time of the 
solid varying from 5 to 60 minutes. 
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Patentanspruche 

1. Katalytisches System zum Dehydrieren von Ethylbenzol zu Styrol, enthaltend Chromoxid, ZInnoxid, mindestens 
ein Oxid eines Alkalimetalls (M) und einen Tonerdetrager in 6- Oder e-Phase Oder in einem Gemisch von 5- + 9- 
oder e- + a- oder 5- + ©- + a-Phasen, modifiziert mit Slliciumdioxid und dadurch gekennzelchnet, daO 

das Chrom, angegeben als Cr203, in einer Mange zwischen 6 und 30 Gew.% vorhanden ist; 

das Zinn. angegeben als SnO, In einer Menge zwischen 0,1 und 3.5 Gew.% vorhanden ist; 

das Alkalimetan, angegeben als M2O, in einer Menge zwischen 0,4 und 3 Gew% vorhanden ist; 

das Slliciunrtdioxid in einer Menge zwischen 0.08 und 3 Gew.% vorhanden ist und der Rest auf 1 00 Tonerde ist. 

2. Katalytisches System nach Anspruch 1 , wobei 

das Chrom. angegeben als Cr203, in einer Menge zwischen 13 und 25 Gew.% vorhanden ist; 

das Zinn. angegeben als SnO, in einer Menge zwischen 0,2 und 2,8 Gew.% vorhanden ist; 

das Alkalimetall. angegeben als M2O, in einer Menge zwischen 0,5 und 2,5 Gew.% vorhanden ist 

3. Katalytisches System nach Anspruch 1 oder 2, wobei das Alkalimetall Kalium ist. 

4. Katalytisches System nach Anspruch 1 oder 2, wobei der Trager eine Oberflache von weniger als 150 m^/g auf- 
weist. 

5. Verfahren zum Dehydrieren von Ethylbenzol zu Styrol, bestehend in den folgenden Stufen: 

a) Umsetzen des Ethylybenzols mit dem katalytischen System nach einem der AnsprOche 1 bis 4 in einem 
Reaktor, der bei einer Temperatur zwischen 450 und 700"C, bei einem Druck zwischen 0,1 und 3 atm. und 
mit einer GHSV Raumgeschwindigkeit zwischen 100 und 10 000 h'^ (Normalliter Kohlenwasserstoff / h x Liter 
Katalysator) arbeitet; 

b) Regenerieren des katalytischen Systems in einem Regenerator durch Verbrennen des wahrendder Reak- 
tksnsphase abgeschiedenen Kokses bei einer Temperatur Ober 400<'C. 

6. Verfahren nach Anspruch 5. wobei das katalytische System mit einem inerten Produkt in einer Konzentration des 
katalytischen Systems zwischen 5 und 50%, bezogen auf das Gewicht, verdunnt wird. 

7. Verfahren nach Anspruch 6, wobei das inerte Produkt a-Tonerde, gegebenenfalls modifiziert mit Alkalimetatoxiden 

und/oder Siliciumdioxid, ist. 

8. Verfahren nach Anspruch 5, wobei ein Inertgas zusammen mit dem Ethylbenzol zugefuhrt wird. 

9. Verfahren nach Anspruch 8. wobei das Volumenverhaltnis Inertgas/Ethylbenzol zwischen 1 und 6 liegt. 

10. Verfahren nach Anspruch 9, wobei das Volumenveriialtnis Inertgas/Ethylbenzol zwischen 2 und 4 liegt. 

11. Verfahren nach Anspruch 5 wobei der Reaktor und der Regenerator vom Fluidbett-Typ sind. 

12. Verfahren nach Anspruch 11, wobei die Dehydrierung bei einer Temperatur zwischen 450 und 650*0, bei einem 
Druck, der Atmospharendruck Oder leicht daruber ist, mit einer GHSV Raumgeschwindigkeit zwischen 100 und 1 
000 h-^ und mit einer Verweilzeit des Katalysators in der Fluidbett-Zone, die zwischen 5 bis 30 Minuten variiert, 
durchgefuhrt wird. 

13. Verfahren nach Anspruch 12. wobei die Raumgeschwindigkeit zwischen 150 und 200 Ir^ ist und die Verweilzeit 
des Katalysators zwischen 10 bis 15 Minuten variiert. 

14. Verfahren nach Anspruch 11 , wobei das Regenerieren mit Luft oder Sauerstoff oder einem anderen die Verbren- 
nung unterhaltenden Gas bei einer Temperatur, die hoher liegt als die mittlere Temperatur des Reaktors, bei einem 
Druck. der Atmospharendruck oder leicht daruber ist, mit einer Raumgeschwindigkeit zwischen 1 00 und 1 000 h*^ 
und mit einer Verweilzeit des Feststoffs zwischen 5 bis 60 Minuten durchgefuhrt wird. 
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1 . Syst^me catalytique de d6shydrog6nation de I'6thylbenz6ne en styr6ne, contenant de I'oxyde de chrome, do I'oxy- 
de d'6tain, au morns un oxyde de m^tal alcalin (M) et un support en alumine, qui se pr^sente sous la forme de 
phase delta ou th6ta ou sous la forme d'un melange de phases detta+th^ta ou th6ta+alpha ou defta+ thdta-i^lpha. 
modifi^ avec de la silice, et caracteris^ en ce que : 

- le chrome, exprlmd sous la forme de CraOg, est present en una quantity de 6 S 30 % en poids ; 
I'dtain, exprim6 sous la forme de SnO, est prdsent en une quantitd de 0,1 A 3,5 % en poids ; 

le mdtal alcalin, exprime sous la fomne de MgO. est pr6sent en une quantity de 0,4 ^ 3 % en poids ; 
la silice est prdsente en une quantite de 0,08 ^ 3 % en poids, 

le reste 6tant de t'aiumine. 

2. Syst^me catalytique selon la revendication 1. dans lequel 

- le chrome, exprimd sous la forme de Cr^^, est present en une quantftd de 1 3 5i 25 % en poids ; 

- I'dtain, exprimd sous la forme de SnO, est prdsent en une quantity de 0.2 k 2,8 % en poids ; 

le mdtal alcalin, exprimd sous la forme de M2O, est pr^ent en une quantity de 0,5 d 2,5 % en poids. 

3. Systdme catalytique selon la revendication 1 ou 2, dans lequel le m6tal alcalin est le potassium. 

4. Syst^me catalytique selon la revendication 1 ou 2, dans lequel le support pr^sente une surface sptelfique inf^rieure 
k 150 m2/g. 

5. Procddd de ddshydrogdnation de I'dthylbenz^ne en styr^ne, consistant h : 

a) faire r6agir dans un r^acteur. en operant k une temp6rature de 450 k 700 ^C, sous une pression de 0,1 k 
3 atm et avec une vitesse spatiale horaire (VSH) de 100 & 10 000 h-i (litre d'hydrocarbure dans les conditions 
nornnales de temperature et de pression/h x litre de catalyseur). fdthylbenzdne avec le systdme catalytique 
seton Tune quelconque des revendications 1^4; 

b) rdg^n^rer le systdme catalytique dans un rdgdn^rateur en faisant brOler le coke ddposd au cours de la 
phase de reaction k une temperature supdrieure k 400 **C. 

6. Procddd selon la revendication 5, dans lequel le systeme catalytique est dilud avec un produit inerte k une con^ 
centration pond6rale du systeme catalytique de 5 ^ 50 %. 

7. Proc6d6 selon la revendication 6, dans lequel le produit inerte est I'alpha-alumine, 6ventuellement modifide avec 
des oxydes de mdtal alcalin, et/ou la silice. 

8. Precede sebn la revendication 5. dans lequel un gaz inerte est amene avec rethylbenzdne. 

9. Procede selon la revendication 8, dans lequel le rapport volumique gaz inerle/ethylbenzene va de 1 d 6. 

10. Precede selon la revendication 9, dans lequel le rapport volumique gaz inerte/ethylbenzdne va de 2 ^ 4. 

11 . Precede selon la revendication 5, dans lequel le rdacteur et le r6g6n6rateur pr6sentent le mdme type de lit fluidise. 

12. Precede selon la revendication 11 , dans lequel on effectue la deshydrogenation k une temperature de 450 k 650 
•C, sous une pression qui est la pression atmospherique ou une pression legerement superieure, avec une vrtesse 
spatiale horaire de 100 ^ 1 000 h'^ et avec un temps de sejour du catalyseur dans la zone k lit fluidise variant de 
5 d 30 minutes. 

1 3. Precede selon la revendication 1 2. dans lequel la vitesse spatiale horaire va de 1 50 ^ 200 h-i et le temps de sejour 
du catalyseur varie de 10 ^ 15 minutes. 

14. Precede selon la revendication 11, dans lequel la regeneration est effectuee avec de I'airou de Toxygdne ou un 
autre gaz de combustion, k une temperature qui est superieure k la temperature moyenne du reacteur, sous une 
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pression qui est la pression atmosph^rique ou l^g^rement supdrieure. pour une Vitesse spatiale horaire de 100 d 
1 000 et avec un temps de s^jour du solide variant de 5 ^ 60 minutes. 
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